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FOREWORD 

The  work  covered  in  this  report  is  part  of  a  continuing  effort  to  increase 
reliability  and  reduce  the  development  time  and  cost  of  Navy  cartridges  and 
cartridge  actuated  devices  for  aircraft  systems.  These  aims  are  met.  in  part,  by  using 
state-of-the-art  techniques  in  interior  ballistics  and  computer  technologies  to  conserve 
time  and  materials. 

This  report  has  been  reviewed  by. 

J.  A.  Sizemore.  Head.  Systems  Branch.  Power  Applications  Division. 

T.  W.  Trualow,  Head,  Power  Applications  Division. 


ABSTRACT 

This  report  describes  a  computer  program  written  to  calculate  ballistic  and 
thermal  properties  of  solid  propellants  using  the  method  of  additive  constants.  A 
program  listing  and  sample  output  are  included. 
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DISTRIBUTION 


1. 


INTRODUCTION 


The  Naval  Weapons  Laboratory  employs  mathematical  modeling,  or  computer 
simulation,  of  cartridge  actuated  devices  (CADs)  to  optimize  their  design  in  an 
efficient  and  timely  manner.  A  good  CAD  simulation  must  contain  reasonably 
accurate  estimates  of  the  ballistic  properties  of  the  propellant  used.  Most  cf  these 
ballistic  properties  arc  calculated  from  the  chemical  constituents  of  the  propellant. 
Reference  1.  A  form  that  simplifies  the  computation  of  these  ballistic  properties  has 
been  developed.  However,  the  calculation,  though  simplified  and  done  on  a 
high-speed  desk  calculator,  is  still  tedious  and  time  consuming.  The  method  was 
computerized  and  now  it  is  only  necessary  to  enter  the  percent  of  each  chemical 
constituent,  and  the  computer  prints  out  a  standard  format  containing  ail  the 
required  information. 


vi;  ft** 


II.  THE  ADDITIVE  CONSTANTS 


Table  1  shows  the  form  used  to  calculate  the  covolume  of  the  propellant. 
The  first  column,  cj,  is  the  number  of  parts  of  each  constituent.  The  bottom  entry 
in  that  column,  £,  is  the  total  number  of  parts. 

The  second  column,  cv,  is  the  number  of  parts  of  each  constituent  divided 
by  Sc'  (bottom  entry  in  first  column).  The  last  entry  in  the  second  column  is  the 
total  of  that  column  and  should  equal  (or  very  nearly  equal)  one. 

The  third  column  is  the  number  of  motes  of  gas  for  each  constituent.  It  is 
calculated  by  means  of  the  equation: 


n,  =  1C,)  +  “  (Hj)  +  ^  (N, ) 


C|,  Ht.  and  N(  may  be  calculated  as  in  the  following  example.  For  ethyl  alcohol. 
C2HjOH; 


=  2(12.011)  =  24.022 

Il6  =  6(  1 .008)  =  6.048 

O,  =  1(16.000)  =  16.000 

SUM  =  46.070 


(The  numbers  in  parentheses  are  atomic  weights  of  the  constituents.)  Then. 

t\  *  2/46.07  *  0.043412 

H.  =  6/46.07  a  0130237 

N*  •*  0/46.07  *  0.0 

Then  c(  *  n(  K  N.  where  ct  is  the  value  from  column  2  lor  cacti  constituent 

lire  last  entry  in  the  tlrird  col u urn  is  (lie  column  total. 

lire  fourth  column  contains  the  mean  treat  capacity,  C*v  .  for  each  constituent 
multiplied  by  its  quantity  (e,,  colunur  2). 


Cv(  =  1.803(Cj)  +  3.264(H,)  +  5.008(0, ) -»- . 


Oj  is  calculated  in  the  same  manner  as  Cjt  H.t  and  N.  above.  Tlie  last  entry  in 
column  4  is  the  column  total. 

The  fifth  column  contains  the  energy  released,  L(,  for  each  constituent  again 
multiplied  by  its  c{  from  column  2. 


E>  =  -E(i)r  38966(Cj>-  6252(1^  +  52073(0,)-  672 1  (N,)  . 


E(l)i  is  the  energy  of  formation  at  1S°C  for  each  constituent  and  may  be  obtained 
from  tabular  data  in  Reference  2. 

The  sixth  column  contains  the  covolume.  »j(.  for  each  constituent  multiplied 
by  its  c(.  The  covoiuiue.  rj-,  may  be  calculated  as  follows,  lor  nitroglycerine, 
Cj  HjtONOj)- : 


C,  =  3(12.011)  =  36.033 

Hs=  5(1.008)  =  S04Q 

O,  *  0(16.000)  =  144.000 

Nj  =  3(14.008)  «  42.024 

227.097 


Then. 


ij(  »  1.18  +  6.9(0.01321)-  11.5(0.03963) 
=  0.81540  cm 3 /gin 
=  22.S7  in3 /lb 


The  final  entry  in  the  column  is  the  column  total  and  represents  the  eovolume  of 
the  propellant. 


TABLE  1 


PROPELLANT  COMPOSITION  AND  THERMODYNAMIC  AND 
BALLISTIC  PROPERTIES  OP  COMBUSTION  PRODUCTS 


Component 


Nitrocellulose 
(13.25  %  N) 


Alcohol 


Water 


DP  A 


DNT 


DBP 


Nitroglycerin 


*tliyl  Centndite 


Truce  tin 


Lead  Stearate 


v 


22.59 


S.5Q 


8.00 


0.50 


100.50 


N 

Cv 

gm-molcs 

(gm)cal 

CJ 

gm 

gm-°k 

c' 

sc; 

Ci«»{ 

0.5821 

0.0199 

0.1970 

E 

(gm)cal 


gm 


+  170.55  10.05 


so 

0.0249 

0.001  5 

0.0080 

1 

1  01 

0.2239 

0.0069 

0.0758 

+213.04 

0.0840 

0.0088 

00339 

243  82 

0.079A 

0.0058 

00334 

1  5?  03 

0.0049 

0.0006 

0.0028 

1K2*> 

5.10 


5  26 


48 


0  20 


n  io 


1 .0000 


0  0435 


0.3500 


52  M' 


III.  THE  THERMAL  PROPERTIES 


Propellant  thermal  properties  mav  now  be  calculated  from  the  additive 
constants  developed  in  the  previous  section. 

Adiabatic  Flame  Temperature  (Ty) 


21c,  E, 


I  t 


T  =  2.500  + 

. 


r  <  K) 


,-v. 


Moles  of  gas  per  grant  (N) 


N  =  21c, «,  (moles/gram) 


Impetus  (Ft 


I*  =  :j82NT¥»ft-lb/Ibt 


Heat  Capacity  (C“  t 


C.  .  1-lWSsC.,  £| 


Ratio  of  Specific  Heats  (?) 


*  1  h  'N 

?  »  I  ♦  “"'“lito  units.  I 


n  -  Ilc^lin*  fib) 


t 


Covoiunie  t*ii 


IV.  THE  COMPUTER  PROGRAM 


The  foregoing  method  was  programmed  in  basic  language  to  be  run  on  a 
time-shared  computer.  A  minor  modification  was  made  to  the  method  -  wimisly 
described,  in  that  a  linear  interpolation  was  used  to  determine  the  additive  i  nstants 
for  the  different  percent  values  of  nitrogen  in  nitrocellulose.  The  relation'’  r>s  used 
are: 


n(  =  '0.0021815  t^N)  +  0.067807 
Cv  =  "0.0063690  (%N>+  0.422860 
E,  =  143.8200000  i$N>-  l  ,6i  2.4GOOOO 
li,  =  -1.0000000  t%N>  +  40.710000 


Hie  agreement  between  the  above  relationships  and  tabulated  values  obtained  by 
other  methods  is  very  good.  Thus,  nitrocellulose  containing  any  treasonable)  percent 
nitrogen  may  be  rundied  by  the  program. 

Values  of  zero  are  stored  in  the  data  malm  for  nitrocellulose,  and  the  lme.tr 
interpolations  described  above  are  used  m  their  place 


V.  PROGRAM  LISTING 

iOOMOOREM  NWBBC0N  19JAN72  PR0PELLANT  CONSTANTS  <WJB65). 

1  .OMIOREM 

1 20s  120REM  Z=0  COMPUTES!  Z=  1  LISTS  INPUT  CONSTANTS* 
l  30=  130Z=0 
1  40=  14O60T022O 

I5O150REM  ENTER  NAME  0F  PROPELLANT  0N  NEXT  LINE. 

1 6O=16OPRINT"PR0PELLANT  NAME  SHOULD  BE  0N  THIS  LINE*’* 

1 7  Os  17  OPRINT 

180*  180REM  ENTER  PERCENT  N  IN  NITROCELLULOSE  0N  NEXT  LINE. 

1 9  Os  1 90P=0 
200=200REM 
2 1  0=21 OG0T029O 
220=2201  F'Z=1THEN290 
230=230PRINT"." 

240=240PRINT"* " 

25O=25OF0RN= 1T05 
260=260PRINT 
27  0=27  ONEX  TN 
28O=28OG0T015O 

290=29001 MAC  64).B$<64)/C(64).DC 64) . £( 64) # F(64)»G(64).*H(64)*l(64) 
300=300DIM J<  64 )  >  K  (  64 )  # L  (  64)  *M (  64) 

3 1  O*  3 1  0Y=64 

32O=32OF0RN=  1T064STEP2 
330=330A(N)*N 
340=340NEXTN 
35O=3S0BSC 1 )="ACET0NE" 

360=360B$(2)="  " 

370=37  0B$( 3)="ACETYLENE" 

38G=380B35<4)  =  "  " 

390r390B$<  5)  =  mAMM 0NIUM  NITRA" 

40O=^00B$  C6)="TE" 

410=410B$C7)*"BARIUM  NITRATE" 

420=420PS<6)="  " 

430=430B$C9)  =  *,BASIC  LEAD  CAR" 

443=440PSC 1 O)="B0NATE" 

450=450B$C 1 1 )*"BUTYL  STEARATE" 

460*460B$< 12)*"  " 

47  0=  470BSC  1  3)  =  "DI AMYL  PHTHALA" 

480=480B$<  1  4)a"TE" 

490=490BSUS)  =  "DIBUTYL  PHTHAL" 

SOC^SOOBSC 1 6)="ATE" 

5 1  0=5 1 QB$C 17 )«"DI ETHYL  PHTHAL" 

52  0=520&$( 1 8 )  =  "ATE" 

530=530B$< 1 9 )="DINITR0T0ULENE" 

SAOSAOBSCEOls*1  " 

55O=55O3$(21)="DI0CTYL  PHTHAL" 

S60=560B$<22)»"ATE" 

57  0S57CB$(23)  =  "DIPHENYLAMINE" 

580=S80B$C24)  =  "  " 

5?i>590B$C25>»"ETHYL  ALC0HBL" 

600600BSC26)®"  " 


6 10:6108$  (27)*  •’ETHYL  CENTRAL  I*' 

620s620B$(28)  =  ”TE»  CARBAMITE" 

630*6300$ (29)* "GRAPHITE” 

640*640B$(30)=”  •• 

650=65088(31 )=”LEAD  STEARATE” 

660=660B$<32)  =  ”  •• 

670=  670B$(33)*”METHYL  CENTRAL” 

68O=680B$(34)«”ITE” 

69  (*  69  0B$  <  35 )  =  ”N I TR  0CELLUL  0SE” 

700*700B$(36)=”  •• 

7 1  0=7 1 0BSC37 )*”2-NITR0DIPHENY" 

720=720B$<  38  )  =  ”L  AMINE" 

7 3  0=7308$ (39)* "NITROGLYCERINE” 

740*7408£(40)*"  ” 

750=750B$( 41 )*”NITR0GUANADINE” 

76O=760B$(4g)eM#  PICRITE” 

77  0=770B$(43)  =  ”PETN" 

780=780B$(44)*"  ” 

?9O=79OB$(45)*”PETR0LATUM#  MI” 

800=800B$(46)="NERAL  JELLY” 
r  <P10B$(  47  )  =  "P0TASSIUM  NITR” 

6 S0=  820B$ ( 48 )  =  "ATE" 

83O=83OB$'49)="P0TASSIUM  SULP” 

840=840B$(50)=**HATE” 

850=850B$(51)=”RDX” 

860=860B$(52)="  ” 

870=870B$( 53)»”TRI ACETIN” 

880=880B$(54)  =  ”  ” 

890=890B$( 55)="TRINITR0T0LUEN" 

900=900B$(56)  =  ”E” 

9  1  0=9 1 0B$(  57  )  =  "  VASELINE" 

920=9208$(58  )  =  ”  " 

930»930BS(59)  =  "WATER” 

940=940B$(  60  )*"  ” 

9 50=9SQ8$(61 >  =  "CELLULOSE  ACET” 

9  6Q=960B$( 62)  =  "ATE" 

97  0*9708$  (  63)=**CARB0N” 

980=98085(64)*”  " 

99O=99QF0KN=  1T0YSTEP2 
1 000=  1  OOOC(N)  =  Q 
1010=  IOIONEXTN 

1020* 10&GREM  ENTER  C(N)  VALUES  AFTER  THIS  LINE. 

1030*  1O3OF0RN=2T0YSTEP2 
1040=  1 0401 FC(N )  =  OTKEN 1 090 

lObO=!OSOPRINT"VALUE  ENTERED  FOR  EVEN  C(N)J  CORRECT  AND  RERUN", 
1060= 1060PRINT”  PROGRAM.” 

1070=  1O7OST0P 

1080=  I080NEXTN 

1 09  Os  1 09  0 1 FP= OTHEN 11 40 

1 1 00=  1!  QOIFC( 35) <> OTHEN! 200 

11  10=111  OPR INT”PER CENT  N  ENTERED  FOR  P,  BUT  NO  G€35>)  CORRECT  AND” 

9 


112 0=  1 120PRINT"RERUN  PROGRAM." 

1 1 30*  1 13OST0P 

I  140b]  1 401FC(35)*OTH£N1200 

I I  5  O*  1 1 50 1 FZ= 1  THEM  1 200 
1160*1 1 601  F'PoOTHEN  1200 

1 17O=n7OPRINT"Y0U  DID  NOT  ENTER  PERCENT  N  FOR  NITR0CELLUL0SEJ 
1180=nS0PRINT"  ENTER  p  and  rerun  PROGRAM.9* 

1 19  0s  1 19OST0P 

1 20  0» 1 2OOF0RN* 1 T0Y STEP2 

1 21  Os  3  210READA(N)#U(N>#  E(N)*  F(N)»G(N) 

1220*1220NEXTN 

1 230s  1 230PRINT 
1 240=  1 2401  FZ*M  THEN  1350 

1 250r  1 25OPRiNT"C0NSTI TUENT"*  **NI  "#  "CVI "#  "El”#  "ETAI  " 
126C*1260PR1NT 

1 27  0»  1 27OF0RNs 1 T0YSTEP2 

1 28  0= 1 280 1 FN<  >  3STMEN 1310 

129  0=1290PRINTB£(N)* "VALUES  COMPUTED  BASED  0N  PERCENT  N" 

1 300?'  1  3OOG0T01 320 

1 31 O 1 3 1 OPRINTBSCN) #  D(N'#  E(N )«  F(N) # GCN) 

1 320*  i 320PRINTB$'N+ 1 ) 

1 33  1 330NEX  TN 

134OM34OG0T0234O 
1  350* 1 35OF0KN* 1 T0YSTEP2 
1360sl360C=C+C(N) 

137  0*  137  ONEX  TN 

1 380= 1 3601 FCC 35 >»OTHEN l 430 

l39O=1390D<35>*-2.1815E-3*P*6.7867E-2 

1400^1  U0E(35)»"6.369E-3*P*0. 42286 

1410* 1 410F<  35)= 1 43«82#P- 1612*4 

142O=1420G(35)*-»*P+40.7l 

1 43  0=  1 43OF0RN® 1 T0YSTEP2 

1  44  0=  1  440H(N)  =  C(N)/C 

1 450*  I  45QNEXTN 

1  460*  1460P3RN=  1T0Y 

1  47  0=  1  47  0H=  H  *H  C  N  5 

1 48  0=  1 480NEXTN 

1 490=  1  49OF0RN*  1 T0YSTEP2 

I  50 0=  1 500 1 FC  < N  5  =  OTHEN 1 590 

1 5!  0=  1 5 101 FN<>35THEN 1 56 J 

1520=  1  520M(N)=  INT<IOOOO*KCN)*0.  5)  /I0000 

1 530*  1  S3QPRINTlOO*MCN)J "PERCENT  "I B$CN>IB$<NM>  JPS"PEKCENTN" 

1  540*  1 540PRJNT 
1  5S0=  1 55OG0T0I  590 

1 560*  l S60M(N)  =  INT ( 1QG004H<N) +0. 5) /1 0000 
1  57 0=  1 570PHINT  1 004MCN) # "PERCENT  "# BS CN> * BSCN+ 1 ) 

1  380=  1 S80PHINT 
1  590=  I  590NEXTN 

1 600=  1 600M=INTC10000*H*0. 5) /10000 

161  0=1 61 OPRINT 1 004MI "PERCENT  ") "TOTAL" 

1 62  Ob  1 620PK I NT 


1 630s 1 630PHINT 
164O*164OF0RN=1T0YSTEP2 
1650* 16501 CN>*DCN>*HCN> 

1660=1660NEXTN 
1 67  0* 1 67OF0RN= 1 T0YSTEP2 
1680tl680Is!  +  |(N) 

1 69  Os  1 690NEXTN 

1700= 17OOF0RNs l T0YSTEP2 

I7  101710J((M)  =  E(N)*H(N> 

1720s  1720NEXTN 

1730s 173OF0RN= 1T0YSTEP2 

1740=1740JsJ+J(N) 

1750=  1750NEXTN 

17  60s  17  6OF0RN" 1 T0YSTEP2 
1770=  1770K<N)  =  F<N)*H<N) 

1780=  17  80NEXTN 

1790  179OF0RNs  1T0YSTEP2 
<800= 1800K=K+K(N) 

1810-1810NEXTN 

1820= 1P2OF0RN=1T0Y«TEP2 

133O1830L(N)  =  G(N)*H(N) 

1840=  1840NEX7N 

1850=  l85Lr 0RN* 1T0YSTEP2 

18  6u=  1860U=L.+i_(N) 

187  0=  1 870NEXTN 
1880?  1880Ts250)+K/J 
1390=1890F=2782*I%T 

1 900  1900M=1  ♦{2782*1  )/<  1400*J) 

191  0s1910PHI,MT"TVsm|T|«DEGREF.5  K" 
l'920sl920PnNT 

1930  1 930PRINT",M  "#  l  j  •'MOLES/GRAH” 

1940= 194GPRINT 

1950=  1 950PRIN7*'F="J  F*  "FT-LT/LB" 
196O1960HRINT 

1970s  1970P:iINTMCV=”l  1400*JImFT-L&/LB-OE6  K" 
1980  1980RRiNT 
1 99  0=  1 990PR INI "GAMM As";M 
20002000PRINT 

20 1  O  20 1  OPR  I  NT”ETAs ’* J U ;  ”CU- 1 N  /LB" 
20202020DATA 1 # 0.  1 0336#  0 . 5 1 07  #  -28 42. 5#  57 . 22 
2030^030t)ATAoi  0.  1  1532*0.3755#- 1 374#69. 3 
204020400A1  AS* 0.037  48*0.4424#  405.  1*22.83 
P0502050UATA7#0. 00765*0- 1374#  131*  15.34 
206020600ATA9#0. 00387,0. 091*-  199*7*  10 
20?0s207ODATA1 1*0.  1 29 1 9#  0.  S675#-3726*  43.  15 
20802080DATA1 3*0.  10!  3* 0. 4408# -3  •  49. 5# 58* 81 
209  O 20900ATA 1 S, 0 . 097  *  0 . 43?  &#  -269 1 #  56. 97 
21 00*21 00DATA17* 0.0865* 3. 3931 #-2242# 37.25 
£  1 1  Os  2 1 10DATAI 9#Q.Co039*  0. 3239# -  643 .7 #40*  44 
212021200ATA21  #0.  1  >01#0*4796#-3?01#60 
2 1 302  i  300ATA23*  0,  !  0636#  0. 36*  -  3007  #65*44 

II 


2140«2140DATA25*0.  1 0853# 0. 6121  *-2772, 56. 35 
21 50*21 50DATA27*0. 10434*0*401 3*-28B2* 62. 6 
21 60=21 60DATA29* 0.08326*0. 1349*- 3234*  60.45 
217  0=2I70DATA31*  0. 1 2245#  0. 57 1 4* -3726*  5*  40 
2180*21 80DATA33* 0. 1 0222*  0. 3987* -2833* 43. 44 
2190=2190DATA35*Q«0*0*0 
2200=2200DATA37 *  0.08402,0. 3317*- 1949*66 
221 0=221 0DATA39* 0.03082* 0.3388* 951 .5*22.78 
222O2220DATA41, 0.04804,  0.369, -57. 4*  31 .77 
2230*  2230DATA43*  0.0348*0.  3485*724.  1#24.88 
224C-2240DATA45*  0. 1451*0.6128,-4113*65.64 
22 50=  2250DATA47, 0.00989* 0.21 58*25*23. 61 
2260* 22600ATA49*  >0*0057 4*  0. 2708* -  662. 4*  9 . 36 
2270=  227  ODAT  A5 1 *0.04052*0*339 ! • 639*  28.51 
22SC=2230DATA53*0.07333»0.4191*-1972.8»43.77 
229  0=229CDATA55, 0. 0484* 0. 3035* - 1 1 0. 1  *  34. 3 1 
2300=23000ATA57*  0. 1 42*  0.  5983*  >4175.  1*65.65 
23 1 0=231 0DATA59* 0.05551 *0.6403*- I  552. 2* 24. 6 

2 32  0»2320DATA6 1*0. 06944*0*  1 1735*2722.72*  31  .776 

233  0=  23300ATA63*  0. 08326*  0* 1 349* -3234* 60. 45 
2340»2340END 


VI.  ADDITIVE  CONSTANTS  STORED  IN  THE  PROGRAM 


CONST ITUENT  NI  CVI 

El 

ETA1 

ACETONE 

.10336 

.5107 

-2842.5 

57.22 

ACETYLENE 

.11532 

.3755 

-1374 

69.3 

AMMONIUM  NITRA 
TE 

.03748 

.4424 

405.  1 

22.83 

BARIUM  NITRATE 

.0076b 

.1574 

131 

15.34 

BASIC  LEAD  CAR 
B0NAT  E 

.00387 

.091 

-199.7 

10 

BUTYL  STEARATE 

.12919 

.5675 

-3726 

43.  15 

DIAMYL  PHTHALA 
TE 

.1013 

.4408 

-3149.5 

58.8! 

D I BUTYL  PHTMAL 
ATE 

.097 

.4336 

-2691 

56.97 

DIETHYL  PHY  HAL 
ATE 

.0865 

.3931 

-2242 

37.25 

DINIT  HOT OULENE 

.06039 

.3239 

-648.7 

40.44 

DI0CTYL  PHTHAL 
ATE 

.1101 

.4796 

-3101 

60 

OIPHENYLAH1NE 

.10636 

.36 

-3007 

65.44 

ETHYL  ALCOHOL 

« 10653 

.6121 

-2772 

36*  35 

ETHYL  CENTRAL I 
TE.  CARDAN I TE 

.10434 

.4013 

-2882 

62 . 6 

GRAPHITE 

*08326 

.1349 

-3234 

60*45 

LEAD  STEARATE 

.12245 

.5714 

-3726.5 

40 

METHYL  CENTRAL 
ITE 

.10222 

.3987 

-2833 

43.44 

NITHOCELLULOSEWALUfcS  COMPUTED 

BASED  ON 

PERCENT  N 

8-NIT HOD IPHENY 
LAM1NS 

.08402 

.3317 

-1949 

66 

NITROGLYCKR INE 

.03082 

.3388 

951.5 

22. 78 

nitroguanadine 

*  PICHITE 

.04804 

.369 

-57,4 

31.77 

PETN 

.0348 

.3485 

724.  1 

24.88 

PETROLATUM.  Hi 

neral  jelly 

.1451 

.6128 

-4113 

65.64 

POTASSIUM  NITR 

.00989 

.2158 

25 

23.61 

ATE 


CONSTITUENT 

NI 

CVI 

El 

ETA  I 

POTASSIUM  SULP 
HATE 

-.00574 

.2708 

-662.4 

9.36 

RDX 

•04052 

.3391 

639 

28.51 

TRIACETIN 

.07333 

.4191 

-1972.8 

43.77 

trin:tr0T6luen 

e 

.0484 

.3035 

MIO.I 

34.31 

VASELINE 

.142 

.5983 

-4175. » 

65.65 

water 

•QS55I 

.6403 

-1552.2 

24.6 

CELLULOSE  ACET 
ATE 

.06944 

.11735 

2722.72 

31.776 

CARBON 

.00326 

.1349 

-3234 

60.45 

....  .#V:  *•  SPk  **■**  *' 


VII.  PROGRAM  OUTPUT  FOR  ALL  PROPELLANTS  RUN  TO  DATE 


HES  4331. 9B  C  ALS0  SEE  HI  VO.  :  #2  AND  M2) 


PERCENT  BARIUM  NITRATE 


PERCENT  ETHYL!  CENTRAL  IT  E/  CARBAMITE 


PERCENT  GRAPHITE 


77.35 


PERCENT  NITR0CELLUL0SE  13.15  PERCENT  N 


19.5 


PERCENT  NITROGLYCERINE 


PERCENT  P0TASSIUM  NITRATE 


PERCENT  T0TAL' 


TV«  3627.71  DEGREES  K 


N»  3.7  G439E-2  M0LES/GRAM 


pi  37  6336.  fT-LB/Lb 


CV  469.273  FT-LB/LB- DE3  X 


GAMMA*  1.22133 


ETA*  26.7055  CU- IN/LB 


r 

t 


i 


HES  5130 


2.49  PERCENT  DINX TR0T0ULENE 

8.46  PERCENT  ETHYL ! CENTRAL! TE,  CARBAMITE 

•  5  PERCENT  LEAD  STEARATE 

58.2  PERCENT  NX TR0CELLUL0SE  13.25  P8RCENT  N 

22.39  PERCENT  NITROGLYCERINE 

7.96  PERCENT  TRIACETIN 

100  PERCENT  TOTAL* 

TV*  2352.14  DEGREES  K 
N»  .046356  M0LES/GRAM 
303333.  fT-LB/LB 
GV*  491.51  FT-LB/LB- DEG  K 
GAMMA*  1.26233 


ETA*  31.0688  CU-XN/L8 


HE S  5250* 8 6  (ALSO  HES  4100.27  AMD  HPC-86) 

1*5  PERCENT  BARIUM  NITRATE 

•6  PERCENT  ETHYL’  CENTRALITE#  CAK3AMITE 

.25  PERCENT  GRAPHITE 

69.35  PERCENT  NXTR0CELLUL8SE  13.25  PERCENT  N 

19.5  PERCENT  NX TR8GLYCERXNE 

•8  PERCENT  POTASSIUM  NITRATE 

3»  PERCENT  CELLULOSE  ACETATE 

100  PERCENT  T3T6L* 

TV*  4340.58  DE3REES  K 

N*  3.96134E-2  HOLES /GRAM 

P»  473351.  fT-Lt/LE 

CV*  443.322  FT -LB /LB*-  DBS  K 

GAMMA3  1.24331 

ETA3  26.9734  CU-XN/L8 


H£S  5250.87  (ALSO  HES  4100.29  AND  HPC-67) 


1  . 
6.5 

•2 

71  .3 
20. 
1* 
100 


PERCENT  BARIUM  NITRATE 

PERCENT  ETHYL  CENTRALITE#  CARBAMITE 

PERCENT  GRAPHITE 

PERCENT  NITROCELLULOSE  13.25  PERCENT  N 
PERCENT  NITROGLYCERINE 
PERCENT  POTASSIUM  NITRATE 
PERCENT  TOTAL 


TV3  3110.67  DEGREES  K 
N-  .041068  MOLES /GRAM 
F=  355398.  PT-Lb/Lfc 
C 0=  474.846  FT-L8/LB-DEG  K 
GAMMA  s  1.24061 


ETA«  28.7144  CU-IN/LB 


PERCENT  DXNITROT0ULENE 


2.5 

8*  PERCENT  ETHYL  CENTRALITE.  CARBAHITE 

•5  PERCENT  LEAD  STEARATE 

58.5  PERCENT  NITROCELLULOSE  13.25  PERCENT  N 

22.5  PERCENT  NITROGLYCERINE 

8.  PERCENT  TR1ACETXN 

100  PERCENT  TOTAL 

TV=  2392.78  DEGREES  K 

Ns  4.60629E-2  MOLES/GRAM 

F»  306628.  tT-Lh/Lb 

CUs  491 .151  FT-U3/L0-DEG  K 

GAMMA*  * #26091 

ETAs  30.9102  CU-IN/LB 


H£5  5250*95  <ALS0  RPC-95) 


*75 
*25 
7b. 
20. 
I  4 

too 


PERCENT  DIPHENYLAMlNE 
PERCENT  GRAPHITE 

PERCENT  NITROCELLULOSE  13.25  PERCENT  N 
PERCENT  NITROGLYCERINE 
PERCENT  POTASSIUM  SULPHATE 
PERCENT  TOTAL 


TVs  3631 .06  DEGREES  K 

N=  3. 7 502 9E -2  MOLES /GRAM 

F=  37Sb<0.  TT-Lfc/LE 

CV=  472.517  FT-Ld/LO-OEG  H 

GAMMAs  |  .3203 

ETA*  26.7103  C0-1N/Ui 


:o 


HES  5250.96 


1.5 

PERCENT 

BARIUM  NITRATE 

•  65 

PERCENT 

ETHYL  CENTRALlTE# 

cakbamite 

.2 

PERCENT 

GRAPHITE 

76.85 

PERCENT 

NITROCELLULOSE  13.2s 

PERCENT  N 

20. 

PERCENT 

NITROGLYCERINE 

•  8 

PERCENT 

POTASS iUM  NITRATE 

100 

PERCENT 

TOTAL 

TVs  3672.5 

DEGREES  K 

N*  .037145 

MOLES /GRAM 

F®  379506. 

FT-LE/LB 

CWs  468.77?  FT-L8/U3-DEG  K 

GAMMA =  1.22044 

ETA®  26.6058  CU-IN/LS 


21 


1 


PERCENT  BARIUM  NITRATE 


6»5  PERCENT  ETHYL  CENTRAHTE*  CARBAMITE 

•2  PERCENT  GRAPHITE 

71 «3  PERCENT  NITR0CELLUL0SE  13.25  PERCENT  N 

20.  PERCENT  NITR0GLYCERINE 

1  •  PERCENT  P0TASSIUM  NITRATE 

ICO  PERCENT  T0TAL 

TV=  3110.67  DEGREES  K 
N=  .041068  M0LES/GRAM 
F=  355398.  FT-Lb/LB 
CV=  474.846  FT-LB/LB-DEG  K 
GAMMA  =  1  .24061 


ETA=  28.7144  CU-IN/L8 


HES  5250.201 


1.  PERCENT  BARIUM  NITRATE 

6.5  PERCENT  ETHYL  CENTRALITE.  CARBAMITE 

•2  PERCENT  GRAPHITE 

71.3  PERCENT  NITROCELLULOSE  13*25  PERCENT  N 

20.  PERCENT  NITROGLYCERINE 

1.  PERCENT  POTASSIUM  NITRATE 

100  PERCENT  TOTAL 

TV*  3110.67  DEGREES  K 
N=  .041068  MOLES/GRAM 
355398.  FT-LB/LB 
CV=  474.846  FT-L8/LB "DEG  K 
GAMMAs  1.24061 
ETA*  28.7144  CU-IN/LB 


•  • 


■' ■■  1 


HES  5250.202 

1  •  PERCENT  BARIUM  NITRATE 

6,5  PERCENT  ETHYL  CENTRALITE#  CARBAMITE 

•2  PERCENT  GRAPHITE 

71 *3  PERCENT  NITROCELLULOSE  13.25  PERCENT  N 

20.  PERCENT  NITROGLYCERINE 

1  •  PERCENT  POTASSIUM  NITRATE 

100  PERCENT  TOTAL 

TV=  3110.67  DEGREES  K 

N=  .041068  MOLES /GRAM 

F=  353398.  FT-Lb/Lb 

CV=  474.846  FT-L0/LB-DEG  K 

GAMMA-  1 .24061 

ETA=  28.7144  CU-IN/LB 


l 


24 


HES  52 50 .203 


1.  PERCENT  BARIUM  NITRATE 

6.5  PERCENT  ETHYL  CENTRALITE.  CARBAMITE 

•2  PERCENT  GRAPHITE 

71*3  PERCENT  NITROCELLULOSE  13.25  PERCENT  N 

20.  PERCENT  NITROGLYCERINE 

1.  PERCENT  POTASSIUM  NITRATE 

100  PERCENT  TOTAL 

TV/3  3110.67  DEGREES  K 

N*  .041068  MOLES/GRAM 

F=  355398.  FT-L6/LB 

CV/«  47  4.846  FT-LB/LB-DEG  K 

GAMMA3  1  .24061 

ETA*  28.7144  CU-1N/L8 


25 


J 


HES  5354*2 6A 


1.5 

PERCENT 

BARIUM  NITRATE 

•  6 

PERCENT 

ETHYL  CENTRAL1TE#  CAR8AM1TE 

.25 

PERCENT 

GRAPHITE 

77.35 

PERCENT 

NITROCELLULOSE  13*25  PERCENT  N 

19.5 

PERCENT 

NITROGLYCERINE 

•  8 

PERCENT 

POTASSIUM  NITRATE 

100 

PERCENT 

TOTAL 

TV=  3662.61 

DEGREES  K 

• 

N=  3.71752E-2  M0LES/GRAM 

F=  37  8792.  FT-LB/LB 

CV*  468.588  FT-LB/LB-DEG  K 

QAMMAa  1.22071 

ETA=  26.6281  CU-IN/LB 


•  • 


HIVEL  #2  (ALSO  SEE  HES  4831.9B  AND  M-2) 


1.5 

PERCENT 

BARIUM  NITRATE 

•  6 

PERCENT 

ETHYL  CENTRALITE#  CAR8AM1TE 

025 

PERCENT 

GRAPHITE 

77.35 

PERCENT 

NITR0CELLUL0SE  13.15  PERCENT  N 

19.5 

PERCENT 

NITROGLYCERINE 

.8 

PERCENT 

POTASSIUM  NITRATE 

100 

PERCENT 

TOTAL 

TV=  3627.71  DEGREES  K 

N*  3.73439E-2  MOLES /GRAM 

FB  376886.  FT-LB/LB 

CV=  469.278  FT -LB /LB -DEG  K 

GAMMAS  1.22138 

ETA®  26.7055  CU-IN/LB 


1 

•I 


PS 


I  MR  5010  LOT  255 


•  62 

PERCENT 

ACETONE 

8.99 

PERCENT 

DIN1TR0T0ULENE 

•  6 

PERCENT 

DIPHENYLAMINE 

88.14 

PERCENT 

NITROCELLULOSE  13 

.7 

PERCENT 

POTASSIUM  SULPHATE 

.95 

PERCENT 

WATER 

100 

PERCENT 

TOTAL 

TV=  2891.68  DEGREES  K 

N=  4.17095E-2 

MOLES /GRAM 

F=  335539.  FT 

-LL/LB 

CVs  477.75V  FT -LB /LB -DEG  K 

GAMMAs  1.24287 

ETA=  28.9646  CU-IN/LB 


28 


! 

7:h 

:  j 

l. 

PERCENT  N 


INO  7199  (ALS0  I0W  7199) 


2.88 

PERCENT 

DI8UTYL  PHTHALATE 

9.59 

PERCENT 

O1N1TR0T0ULENE 

.86 

PERCENT 

01PHENYLAM1NE 

86.67 

PERCENT 

NITROCELLULOSE  13 

100 

PERCENT 

TOTAL 

TV*  2727  *14  DEGREES  K 

N*  4.34383E-2  MOLES /GRAM 

F*  329562.  FT-LB/LE 

CV*  476.693  FT-L8/LB-DEG  K 

GAMMAs  1.25351 

ETA=  29.9593  CU-IN/LB 


n 

i 

i 

i 


\ 


PERCENT  N 


29 


M-2  (ALSO  SEE  HIVEL  #2  AND  HES  4831. 9B> 


1.5  PERCENT  BARIUM  NITRATE 

•6  PERCENT  ETHYL  CENTRALITE*  CARS AMITE 

•25  PERCENT  GRAPHITE 

77.35  PERCENT  NITROCELLULOSE  13.15  PERCENT  N 

19.5  PERCENT  NITROGLYCERINE 

•8  PERCENT  POTASSIUM  NITRATE 

100  PERCENT  TOTAL 

TV=  3627.71  DEGREES  K 
N*  3.73439E-2  MOLES/GRAM 
F=  376886.  FT-LB/LE 
CV=  469.278  FT-LB/LB-DEG  K 
GAMMA  =  1.22138 


ETA=  26.7055  CU-IN/L8 


1*4  PERCENT  BARIUM  NITRATE 

•6  PERCENT  ETHYL  CENTRALITE*  CARBAMITE 

.3  PERCENT  GRAPHITE 

81.95  PERCENT  NITROCELLULOSE  13*25  PERCENT  N 

15.  PERCENT  NITR0GLYCER1NE 

.75  PERCENT  P0TASS1UM  NITRATE 

100  PERCENT  TOTAL 

TV*  3569.32  DEGREES  K 
N=  3.76096E-2  MOLES /GRAM 
F*  373457.  FT-LB/LE 
CV*  468.764  FT -LB /LB -DEG  K 
GAMMA*  t .2232 


ETA*  26.8693  CU-1N/LB 


10.6 


PERCENT  DIETHYL  PHTHALATE 


.5  PERCENT  LEAD  STEARATE 

51.  PERCENT  NITROCELLULOSE  12*6 

2.  PERCENT  2-N1TR0DIPHENYLAMINE 

34.3  PERCENT  NITROGLYCERINE 

1.5  PERCENT  POTASSIUM  SULPHATE 

.1  PERCENT  CARBON 

100  PERCENT  TOTAL 

TV=  2845.93  DEGREES  K 
N=  4.26239E-2  MOLES /GRAM 
F=  337469.  FT-LB/LB 
CV*  484.815  FT-LB/LB-DEG  K 
GAMMA =  t .24459 


PERCENT  N 


£TA=  27.819  CU-IN/LB 


NPFB  292  CALS0  SPDN  1 0387  > 


3.07 

PERCENT 

10.25 

PERCENT 

•  64 

PERCENT 

•  66 

PERCENT 

83.83 

PERCENT 

1.55 

PERCENT 

100 

PERCENT 

DIBUTYL  PHTHALATE 

D1NITR0T0ULENE 

D1PHENYLAMINE 

ETHYL  ALC0H0L 

NITROCELLULOSE  13-15 

WATER 

TOTAL 


PERCENT  N 


TV-  2566.39  DEGREES  K 

Ns  4.42701E-2  HOLES /GRAM 

F-  316075.  FT-LB/LB 

CV*  <485.875  FT-L3/LB-DEG  K 

GAMMAS  1.25348 

ETA»  30.1697  CU-IN/LB 


33 


PYR0CELLUL0SE 


•46  PERCENT  D1PHENYLAMINE 

5.71  PERCENT  ETHYL  ALC0H0L 

93.79  PERCENT  N1TR0CELLUL0SE  12.63 

.04  PERCENT  WATER 

100  PERCENT  TOTAL 

TV*  2552.07  DEGREES  K 
N=  4.451 96E-2  MOLES /GRAM 
F-  31 60b3.  FT-LE/IB 
CV«  501.226  FT-L8/LB-0EG  K 
GAMMAS  1.2471 


PERCENT  N 


ETA*  29.8647  CU-IN/LB 


i  ...  i  i  n— —i ■ 

lit  f‘f ■  III' i  * 


SPDN  8880 


5.12 

10.25 

1 

•28 

81.86 

•  85 

•  64 
100 


PERCENT  DIBUTYL  PHTHALATE 
PERCENT  DINITR0T0ULENE 
PERCENT  DIPHENYLAM1NE 
PERCENT  ETHYL  ALCOHOL 
PERCENT  NITROCELLULOSE  13.13 
PERCENT  POTASSIUM  SULPHATE 
PERCENT  MATER 
PERCENT  TOTAL 


TVa  2407.87  DEGREES  K 
N-  .044939  MOLES/GRAM 
F*  301032-  FT-Lfc/Lfc 
CV=  482.736  FT-LB/L8-DEG  K 
SAHMAa  1.25898 


PERCENT  N 


£TAa  30.6881  CU-1N/L0 


SPDN  9373  CALS0  CDPB-LMH) 


3.15 

PERCENT 

DIBUTYL  PHTHALATE 

10.48 

PERCENT 

DINITR0T0ULENE 

1  .03 

PERCENT 

DIPHENYLAM1NE 

.63 

PERCENT 

ETHYL  ALC0H0L 

84.01 

PERCENT 

NITROCELLULOSE  1 

.7 

PERCENT 

WATER 

100 

PERCENT 

TOTAL 

TV=  2564.42  DEGREES  K 

N=  4.44675E-2  M0LES/GRAM 

F*  317242.  FT-LB/LB 

CV=  482.347  FT-L'.  /LB “DEG  K 

GAMMA  =  1  >25647 

ETA=  30.3871  CU-IN/LB 


PERCENT 


•  • 


UNIQUE  (ALSO  BULLSEYE) 

1*  PERCENT  ETHYL  CENTRALITE#  CARBAM1TE 

.25  PERCENT  GRAPHITE 

58.85  PERCENT  NITROCELLULOSE  13.25  PERCENT  N 

39.9  PERCENT  NITROGLYCERINE 

100  PERCENT  TOTAL 

TV=  4021.31  DEGREES  K 
N-  3.64779E-2  MOLES/GRAM 
F=  408089.  FT-Lb/LE 
CV=  474.21  FT«*  LB  /LB -DEG  K 
GAMMAS  1.214 


ETA*  26.0266  CU-IN/L8 


VIII.  RECOMMENDATIONS 

The  computer  program  discussed  is  a  useful  tool  for  the  interior  ballistician 
engaged  in  simulation  of  CADs,  guns,  and  other  ballistic  systems.  It  minimizes  the 
time  spent  and  chance  of  error  in  performing  these  tedious  calculations  on  new 
propellants.  As  time  permits,  the  additive  constants  should  be  determined  for  new 
propellants  being  developed.  In  addition,  experimental  determination  of  the  ballistic 
properties  of  propellants  should  be  conducted  to  verify,  or  perhaps  modify  the 
calculated  data. 
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